Introduction
Lactic acid bacteria produce lactic acid and are used for the production of various fermented foods, such as yogurt and kimchi (Korean pickles). Lactic acid bacteria are considered effective for the treatment of diarrhea and regulation of immune responses (1) (2) (3) . An established method to efficiently isolate lactic acid bacteria that are beneficial for human health would be useful for the development of foods containing functional lactic acid bacteria.
"Innate immunity-stimulating activity" is now recognized as an important function of lactic acid bacteria. Innate immunity, which does not involve antibodies, is the front line defense system in all animals and plants. In mammals, various stimuli promote the secretion of cytokines from immunocompetent cells such as macrophages, and induce the transmission of signals to other immunocompetent cells, followed by the production of specific antibodies that eliminate pathogens. In invertebrate animals, such as insects, which do not possess acquired immunity, elimination of pathogens relies solely on innate immunity. The innate immune systems in insects and mammals have many common features. For example, cells called hemocytes ingest invasive foreign pathogens as well as macrophages in mammals (4). Moreover, Tolllike receptors, which are related to the innate immune response in mammals, have high homology with Toll receptors, which function in innate immune responses in Drosophila melanogaster (5) . We previously reported that stimulation of the innate immune system activates a cytokine called paralytic peptide in silkworms, resulting in muscle contraction. This means that muscle contraction is coupled with the activation of innate immunity in silkworms. We established a simple method for measuring innate immunity-stimulating activity in various samples using this system (6) . We demonstrated by monitoring muscle contraction ability in mouse macrophages that purified polysaccharides from green tea stimulate the production of cytokines (7) . Using this system, we also demonstrated that certain species of lactic acid bacteria exhibit relatively high innate immunity-stimulating activity (8) . Here we describe that three strains of lactic acid bacteria of the genus Leuconostoc isolated from kimchi and rice bran have high innate immunity-stimulating activity.
Materials and Methods

Isolation and identification of lactic acid bacteria
Samples obtained from kimchi and rice bran were streaked on deMan, Rogosa and Sharpe (MRS) agar (Becton, Dickinson and Company, MD, USA) plates containing 0.5% calcium carbonate (Wako Pure Chemical Industries, Osaka, Japan). After incubation at 30°C under anaerobic conditions, bacterial colonies with transparent halos were isolated and further characterized. The bacterial colonies were cultured in 15 mL of MRS broth (Becton, Dickinson and Company) under anaerobic conditions at 30°C. Bacterial pellets were collected by centrifugation, suspended into 0.9% NaCl (Wako Pure Chemical Industries), mixed well with the same volume of 80% glycerol (Wako Pure Chemical Industries), and stored at −80°C. The bacterial 16S rDNA was amplified by colony polymerase chain reaction. A homology search was carried out on a database using BLAST. Bacterial species exhibiting the highest sequence homology were identified.
Characterization of bacteria
Gram staining was performed using Gram color (Merck, Kenilworth, NJ, USA). Bacteria were fixed by passing slides through the flame of a Bunsen burner. For scanning electron microscopy (SEM), bacterial cells were pre-fixed with 2.5% glutaraldehyde (POLYSCIENCES, INC., Warrington, PA, USA) in 0.1 M cacodylate (TAAB, England) buffer (pH 7.2), post-fixed with 1% osmium tetroxide (Merck) in the same buffer, and freeze-dried in t-butyl alcohol (Wako Pure Chemical Industries). The samples were examined with field-emission SEM (JSM-7500F, JEOL, Japan). The carbohydrate metabolism of each strain was determined using an Api 50 CH system (SYSMEX bioMérieux Co., Ltd., Tokyo, Japan) by the following procedure. The lactic acid bacterial colonies were suspended and adjusted to match a McFarland turbidity standard of 2. One hundred-fifty microliters of the bacterial suspension was added to the Api plate, which was incubated at 30°C for 48 h, and then carbohydrate metabolism was determined based on the color change. The catalase activity of each strain was determined by suspending the bacterial colonies in 3% hydrogen peroxide (Wako Pure Chemical Industries). Other enzyme activities were determined using an Api Zym system (SYSMEX bioMérieux Co., Ltd., Tokyo, Japan).
Measurement of innate immunity-stimulating activity of lactic acid bacteria using silkworm muscle specimens
IHC was performed on 4-μm sections that had been e Innate immunity-stimulating activities of lactic acid bacteria were determined by measuring silkworm muscle contraction (6) . Lactic acid bacterial suspensions cultured in 100 mL of MRS were autoclaved at 121°C for 20 min, and the cells were collected by centrifugation at 8,000 rpm at 4°C. After washing with 50 ml of 0.9% NaCl, the pellet was suspended in 1 mL of 0.9% NaCl. Fifty microliters of diluted suspension was injected into silkworm muscle specimens, and the length of the silkworm muscle specimens was measured 10 min after the injection. One unit of activity was defined as a sample dose that decreased the length of silkworm muscle specimens by 15% (6) . Dry weights of the samples were determined after evaporation to calculate the specific activity.
Growth test of lactic acid bacteria in milk
Glycerol stocks (1 μL) of lactic acid bacteria were added to 50 mL of milk (Meiji Co., Ltd., Japan), and cultured under anaerobic conditions at 30°C for 1 day. The number of viable cells in the milk was determined after spreading diluted samples on MRS agar plates and anaerobically culturing them at 30°C for 20 h.
Results
Isolation of lactic acid bacteria with high innate immunity-stimulating activity
We isolated lactic acid bacteria from kimchi and rice bran, popular fermented foods in Korea and Japan, on MRS agar containing 0.5% calcium carbonate. Colonies of lactic acid bacteria were identified by transparent halos, which indicate the production of lactic acid. Isolated lactic acid bacteria were cultured in MRS following by heat treatment at 121°C for 15 min.
Muscle contraction was measured to evaluate the innate immunity-stimulating activity (6) . Each bacterial suspension was injected into silkworm muscle specimens. The activity of most of the lactic acid bacteria was much lower than 50 units/mg, but three lactic acid bacteria, #7-2, #4-2, and 8/11-3, exhibited activities higher than 100 units/mg (Table 1) .
Characterization of the isolated lactic acid bacteria
Species of the three strains of lactic acid bacteria, #7-2, #4-2, and 8/11-3, that exhibited high innate immunitystimulating activity in the silkworm muscle contraction assay were determined by sequencing their 16S rDNA. The results indicated that #7-2, #4-2, and 8/11-3 were Leuconostoc carnosum, Leuconostoc gelidum, and Leuconostoc mesenteroides, respectively. We recognized that the genus of all three strains with high innate immunity-stimulating activities were Leuconostoc (Table 1) . Moreover, we examined the bacteria for Gram staining and in an electron micrograph. We also performed a carbohydrate metabolism test and an enzymatic activity test of these lactic acid bacteria (Tables  2 and 3 , Figures 1 and 2 ). All three strains were Grampositive coccal bacteria (Figure 1 ). SEM confirmed that these lactic acid bacteria had a coccal shape and were arranged in pairs or short chains (Figure 2) . Results of the carbohydrate metabolism test were consistent with the notion that these bacteria belong to the Leuconostoc genus. All three strains exhibited esterase (C4), esterase lipase (C8), leucine aminopeptidase, acid phosphatase, phosphoamidase, and α-glucosidase activities. In addition, #7-2 and 8/11-3 exhibited alkaline phosphatase activity, #4-2 exhibited chymotrypsin activity, 8/11-3 exhibited α-galactosidase and β-galactosidase activities, and #4-2 and 8/11-3 exhibited β-glucosidase activity.
Growth of lactic acid bacteria in milk
Plant-origin lactic acid bacteria are generally considered 
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One unit of activity was defined as the activity required to decrease the length of silkworm muscle specimens by 15% (6) . Values were mean ± standard deviation. 
The carbohydrate metabolism capacity was determined by Api 50 CH system. Lactic acid bacteria on agar plates was suspended in suspension medium, and the bacterial density was adjusted to a McFarland turbidity standard of 2. One hundred-fifty microliters of the bacterial suspension was added to an Api plate and incubated at 30°C for 48 h. The metabolism capacity for each carbohydrate was determined based on the color change.
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The catalase activity of each strain was determined by suspending the bacterial colony in 3% hydrogen peroxide. Other enzyme activities were determined by Api Zym system. Lactic acid bacteria were suspended in suspension medium, and adjusted to a McFarland turbidity standard of 5 or 6. Sixty-five microliters of the bacterial suspension was added to an Api plate and incubated at 37°C for 4.5 h. After incubation, enzymatic activities were determined based on the color change.
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to be inappropriate for manufacturing yogurt as they lack the ability to grow in milk. Some plant-origin lactic acid bacteria, such as Lactococcus lactis, however, can grow in milk (8, 9) . We examined whether the abovementioned lactic acid bacterial strains could grow in milk. Lactic acid bacteria were cultivated in milk at 30°C for 24 h. Diluted samples were spread on agar plates, and the number of colonies was counted. The numbers of all three bacterial strains increased to more than 1.0 × 10 6 colony forming units (cfu)/mL (Table 4 ).
Discussion
In this paper, we describe three strains of lactic acid bacteria of the Leuconostoc genus, isolated from kimchi and rice bran, that exhibited high innate immunitystimulating activities as assessed by monitoring silkworm muscle contraction. Lactic acid bacteria of the Leuconostoc genus are used conventionally for manufacturing fermented foods, such as sauerkraut and kefir, which means that humans have experience eating these lactic acid bacteria. Recently, much attention has been focused on the use of lactic acid bacteria for maintaining good health. Establishment of methods for identifying functional lactic acid bacteria, however, are difficult. Our proposed method for measuring innate immunity-stimulating activity by silkworm muscle contraction is considered to be applicable for the Glycerol stocks of lactic acid bacteria were added to 50 mL milk (Meiji Co., Ltd.) using a 1-µL disposable loop, and anaerobically cultured at 30°C for 1 day. The number of viable cells in the milk was calculated by counting the number of colonies that formed on MRS agar plates spread with 100 µL of diluted milk and anaerobically cultured at 30°C. discovery of lactic acid bacteria that have high innate immunity-stimulating activity. Plant-origin lactic acid bacteria are considered suitable for manufacturing kimchi and fermented rice bran, but not for the production of yogurt because they generally do not grow in milk. The three strains of lactic acid bacteria described in this paper did not solidify milk, but #4-2 and 8/11-3 strains grew in milk and reached a concentration greater than 1 × 10 7 cfu/ mL. Fermented milk containing a minimum 8.0% milk solids-not-fat content should contain more than 1 × 10 7 cfu/mL of lactic acid bacteria according to the Ministry of Health, Labor and Welfare in Japan (10) . Therefore, these lactic acid bacteria are considered useful for manufacturing fermented beverages made from milk.
